ABSTRACT: For several decades, beef carcass evaluation for grading or research purposes has relied upon subjective visual scores, and manually taken measurements, but in recent times there has been a growing interest in new technologies capable of improving accuracy of estimates. Equations to predict weight and yield of beef pistol subprimal cuts were developed in this work using digital image analysis (VIA) of the 12 th rib steak. Equations to predict total pistol subprimal cuts weight (CUTS) had coefficients of determination (CD) of 0.84, or 0.87 to 0.88, when the independent variables were the VIA parameters and the half carcass weight (HC) or the total pistol weight (TP), respectively. The predicted values for the total seven subprimal cuts, as a percentage of half carcass weight (CUTS%), presented CD values ranging from 0.37 to 0.47, or 0.21 to 0.31, using HC or TP as a principal independent variable. Likewise, the equation for weight of the individual subprimal cuts had CD values ranging from 0.40 to 0.72, or 0.43 to 0.74 using HC or TP, respectively. In this research, the developed VIA procedure has demonstrated good repeatability and accuracy to estimate the total pistol subprimal weights, and some individual subprimal weights. Key words: beef industry, beef carcass, image analysis, rib eye area, fat thickness
INTRODUCTION
The value of beef cuts should reflect both consumer demand and reliability, and marketing standards which emphasize quality, uniformity and consistency of the meat. Therefore, an evaluation procedure for predicting weights and yields of carcasses and beef retail cuts becomes of great importance for the beef industry (Cross & Belk, 1994 ).
Several studies have described different methods that have great potential for industrial applications: ultrasound, video-image analysis, nuclear magnetic resonance, optical probes and bioelectrical impedance. These technologies have been used successfully in laboratories.
However their utilization in the beef industry is restricted. Only fast, consistent, accurate, non-destructive and reasonable priced methods are of interest to the industry (Swatland, 1995) .
Digital image analysis has been identified as the most efficient procedure to evaluate yield of beef carcasses (Cross et al., 1983) . It has also been utilized for other purposes: determination of color and fat thickness (Monin, 1998) , marbling scores in beef (Albrecht et al., 1996) and pork (Scholz et al., 1996) and water retention capacity in beef (Irie et al., 1996) . Li et al. (1999) reported that tenderness of beef could be predicted on the basis of color, marbling and texture measures obtained by image analysis.
The use of this technique has been reported to develop an objective system for carcass classification which has been used as a standard of payment to European Union beef producers based mainly on the determination of conformation and finish traits (Borggaard et al., 1996) . Other studies have reported the use of video image analysis of steaks removed from the 12 th rib for prediction of weight and yield of subprimal cuts (Cross et al., 1983; Wassenberg et al., 1986; Shackelford et al., 1998) .
No information on the use of such systems for the determination of traits of carcasses and cuts produced from Zebu steers, predominantly slaughtered in Brazil, is available. In addition, it is necessary to follow current trends concerning international beef commercialization. The objectives of this work were to predict weight and yield of whole and individual pistol cuts by regression equations using variables obtained through image analysis of the 12 th rib steak, and to test the accuracy and repeatability of the procedure.
MATERIAL AND METHODS

Selection of carcasses -Carcasses produced from 51
Nelore crossbred steers, slaughtered at Bertin beef processing plant (Lins, SP-Brazil) were selected according to various carcass weight, maturity and fatness to obtain a trait variability as large as possible.
Cuts utilized -Carcasses were chilled for 24 hours (1 -2°C) and broken between the 5 th and the 6 th rib into hindquarter (HQ) and forequarter (FQ). The former was separated from flank and plate (FP) using a saw and knife, 50 mm to the side of the Longissimus muscle to obtain the pistol (TP). This was further boned to obtain the following cuts: top round, bottom round, eye round, knuckle, rump, cube roll & strip loin, and tenderloin side strap off. Connective tissue, subcutaneous fat and trimmings were separated following the standard procedure for cuts exported to Germany by the beef plant.
Sample preparation -A 2.5 cm steak sample was removed from the 12 th rib before boning each cube roll & strip loin, and the rib eye area of the steak was delineated for later measurement with a compensating polar planimeter. The sample weight was not considered in the total weight of the cut.
Image analysis -Images were captured using a Sony  digital camera, MVC-FD71. Bone-in steak samples were placed flat on a non-glare black surface and illuminated with two tungsten, 150 W halogen bulbs. A reference white square paper was positioned on the black surface, next to the object such that the same distance and focus were kept when images were captured.
Digital images, saved in a 3.5" floppy disk, were processed using Matlab Mathematical Morphology Toolbox (Barrera et al., 1998) . With these tools, a program for segmentation of the original digital image and extraction of selected parameters was developed. Figure  1a : input image (a known square is included in the image to calibrate the pixel dimensions).
To compute the total rib steak area ( Figure 1b , TRSA, cm 2 ) the total rib was extracted from the background using a standard thresholding technique. The image illustrates only the contour of the rib and the square. The rib eye area (Figure 1c , REA, cm 2 ) was detected by an automatic procedure based on the so-called watershed transform (Beucher & Meyer, 1993; Lotufo & Falcao, 2000) . First the input image was pre-processed by an edge enhancement procedure. Then the best closed contour was found based on a prior knowledge of the approximate position of the rib eye. The watershed transform was responsible to find the best closed contour on the edge enhanced image. The rib eye area percentage (REA%) resulted from REA/TRSA x 100.
Fat thickness (FT, mm) is shown in Figure 1d . The black line indicates where the thickness was measured. This line was automatically drawn perpendicular to the rib eye contour. It was traced from a point located on a straight line segment determined by the ends of the rib eye at ¼ of its length from the left.
A rectangle was automatically generated from the points of the rib eye ends (Figure 1e ). It shows the location and subsequent extraction of fat area, determined by subcutaneous fat in the lower part of rib eye area (Figure 1f, FA, cm 2 ). This parameter was measured from an image generated using a thresholding technique to detect the fat area. Dark pixels were not considered and white pixels (fat) were counted. The fat area percentage (FA%) resulted from FA/TRSA x 100.
Statistical analysis -VIA parameters and measured side carcass traits were statistically analyzed to select the best linear regression equations for weight and yield prediction. These equations were assessed using the coefficient of determination (CD), statistical Cp (Mallows, 1973) and mean square error (MSE) with Stepwise/Maxr procedure, SAS Institute (1985) . A second image was captured to test repeatability of the VIA procedure following the Bland & Altman (1986) methodology. Table 1 shows mean values, standard deviation, maximum and minimum values obtained for the 51 half carcasses used in the present study. The great variability shown by the dependent and independent variables were expected on account of the applied selected methodology.
RESULTS AND DISCUSSION
The pistol subprimal cut weights (CUTS), their weight as a percentage of the half carcass weight (CUTS%) and the weight of individual pistol subprimal cuts did not presented correlations (P > 0.01) with the VIA parameters. These parameters however in some cases were correlated (P < 0.01): TRSA and REA (r = 0.62), REA and REA% (r = 0.82), FT and FA (r = 0.59), FT and FA% (r = 0.59) and FA and FA% (r = 0.98). Rib eye area, measured by both VIA (REA) and manually with a planimeter (AOLPLAN) presented a significant correlation (P < 0.01) of 0.70. The graphic representation of the observed values of CUTS and CUTS% variables against independent variables used did not show non-linear relationships. eters were used (Tables 2 and 3 ). When the HC variable was used, the best equations accounted for 83.5 to 84.0% of the observed variation of the subprimal cut weights. When HC was replaced by TP, the coefficient of determination of the best equations varied from 0.87 to 0.88. In order to select the most adequate models of regression equations, belonging to the same subset of variables, a Cp graph (Mallow statistics) was plotted against p (number of parameters included in the equation). If there was no bias, Cp should be equal to p. In practice, models of Cps near to, but preferably less than p, should be chosen (Pike, 1986) . Prediction of total yield of seven pistol subprimal cuts -Prediction of yield accounted for 37.1 to 46.0% or 21.3 to 30.6% of the variation when the major independent variable was HC or TP, respectively (Tables 4 and 5 ).
Weight prediction of the seven subprimal cuts -
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Prediction of weight of individual pistol cuts -
It is important to predict the weight of individual cuts in order to determine the true value of each carcass. That is why VIA parameters were used to develop different prediction equations. The results obtained (Table 6 and 7) presented coefficients of determination that varied from 0.40 to 0.72 or from 0.43 to 0.74 when the major independent variable was HC or TP, respectively. These prediction equations were considered satisfactory for some cuts (knuckle, rump) but they presented lower CDs than those reported by Shackelford et al. (1998) . German export standards used at the Bertin beef plant may account for these lower values since the removal of all visible fat is required, connective tissue and the trimming of the cuts which may vary from one employee to another. Table 2 -Prediction equations to estimate total pistol cut weights (kg) using half carcass weights (HC; N=51) Table 1. 2 CD: coefficient of determination; MSE: mean square error; Cp: Mallow statistics; Interc: intersection. Repeatability of the digital image analysis procedure -Twenty five digital image sample duplicates were utilized to test repeatability of the procedure. VIA parameters determined from duplicates were used in regression equation n o 6 to predict the CUTS variable. The new estimated values were compared to those predicted by the same equation using VIA parameters which were obtained with the 25 original images. The repeatability of the system remained within the established limits (± 1.96 S.D).
CONCLUSIONS
Weight prediction equations with a high degree of accuracy for pistol cuts were obtained using the digital image analysis procedure, equations n o 6 and n o 12 being especially recommended. When grouped according to Table 5 -Prediction equations to estimate total pistol cut percentages, using total pistol weights (TP; N=51) chilled carcass weight range, prediction presented a tendency to over or underestimate extreme values (ranges A and E). However equation n° 8 made acceptable predictions for all considered weight ranges. Yield predictions of pistol subprimal cuts had a relatively low degree of accuracy. Prediction of individual pistol subprimal cut weights (kg) was good in some cases (knuckle, rump) but all values were below the expected. Current trends towards standardization of beef cuts especially for export require further work to be carried out along these lines to develop a "prototype" with features suitable for its implementation in industrial continuous lines.
